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This paper considers the possibility of devising a technology
of fast railroad communication for the transportation of containers
between the port and customer enterprises in the course of inter-
modal transportation. The purpose of technology development is
to reduce the share of the use of trucks on intermodal routes and
thus solve a number of related environmental, transport, munici-
pal, and economic problems. The devised technology is based on
the principles of bringing the railroad as close as possible to the
end points of the route, minimizing the number of intermediate
modes of transport, and enabling the maximum speed of movement
of containers by rail. For this purpose, the use of MetroCargo™
freight terminals and CargoSprinter modular trains is proposed. In
the course of the study, the task to reliably plan the operation of the
fleet of such trains for the delivery of containers between the port
and enterprises under the conditions of “noisy” initial data was set
and solved. To this end, the problem was formalized in the form of
a model of mixed programming, based on the principles of robust
optimization. To optimize the model taking into consideration
the principles of robustness, a procedure was proposed that uses a
two-circuit genetic algorithm. As a result of the simulation, it was
found that the resulting plan was only 6.5 % inferior to the objec-
tive criterion of the plan, which was compiled without taking into
consideration robustness. It was proved that the devised model
makes it possible to build an operational plan for the delivery of
containers by rail, which is close to optimal. At the same time, the
plan is implemented even in the case of the most unfavorable set
of circumstances in the form of delays, shifts in the time windows
of the cargo fronts, etc., that is, under the actual conditions of the
transport process.
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tainer trains, robust optimization, double-circuit genetic algorithm.

References

. Yan, B, Jin, J. G.,, Zhu, X, Lee, D.-H., Wang, L., Wang, H.

(2020). Integrated planning of train schedule template and container
transshipment operation in seaport railway terminals. Transportation
Research Part E: Logistics and Transportation Review, 142, 102061.
doi: https://doi.org/10.1016/j.tre.2020.10206 1

. Liu, D, Yang, H. (2012). Dynamic Pricing Model of Container

Sea-Rail Intermodal Transport on Single OD Line. Journal of
Transportation Systems Engineering and Information Technology,
12(4),122—127.doi:https://doi.org/10.1016 /s1570-6672(11)60216-x

. Liu, D, Yang, H. (2013). Optimal Slot Control Model of Container

Sea-Rail Intermodal Transport based on Revenue Management.
Procedia - Social and Behavioral Sciences, 96, 1250-1259. doi:
https://doi.org/10.1016/j.sbspro.2013.08.142

. Fan, Q., Jin, Y., Wang, W,, Yan, X. (2019). A performance-driven

multi-algorithm selection strategy for energy consumption
optimization of sea-rail intermodal transportation. Swarm and
Evolutionary Computation, 44, 1-17. doi: https://doi.org/10.1016,/
j-swevo.2018.11.007

. Muraveyv, D., Hu, H., Rakhmangulov, A., Mishkurov, P. (2021). Multi-

agent optimization of the intermodal terminal main parameters by
using AnyLogic simulation platform: Case study on the Ningbo-
Zhoushan Port. International Journal of Information Management,
57,102133. doi: https://doi.org/10.1016/j.ijinfomgt.2020.102133

. Ambrosino, D., Asta, V. Crainic, T. G. (2021). Optimization

challenges and literature overview in the intermodal rail-sea
terminal. Transportation Research Procedia, 52, 163-170. doi:
https://doi.org/10.1016/j.trpro.2021.01.089

. Yan, B, Zhu, X,, Lee, D.-H., Jin, J. G., Wang, L. (2020). Transshipment

operations optimization of sea-rail intermodal container in seaport
rail terminals. Computers & Industrial Engineering, 141, 106296.
doi: https://doi.org/10.1016/.cie.2020.106296

. Morganti, G., Crainic, T. G., Frejinger, E., Ricciardi, N. (2020).

Block planning for intermodal rail: Methodology and case study.
Transportation Research Procedia, 47, 19-26. doi: https://
doi.org/10.1016/j.trpro.2020.03.068

. Nair, R., Miller-Hooks, E. D., Mahmassani, H. S., Arcot, V. C.,

Kuo, A., Zhang, K. et. al. (2008). Market Potential for International
Rail-Based Intermodal Services in Europe. Transportation Research
Record: Journal of the Transportation Research Board, 2066 (1),
21-30. doi: https://doi.org/10.3141/2066-03

. Ben-Tal, A., Nemirovski, A. (2002). Robust optimization —

methodology and applications. Mathematical Programming, 92 (3),
453-480. doi: https://doi.org/10.1007 /5101070100286

. Kozan, E. (2000). Optimising container transfers at multimodal

terminals. Mathematical and Computer Modelling, 31 (10-12),
235-243. doi: https://doi.org/10.1016,/50895-7177(00)00092-3

. Metrocargo and MetrocargoCity innovative solution for intermodal

shipment. Available at: http://www.bestufs.net/download /Work-
shops/BESTUFS_1I/Vilnius_Sep07/BESTUFS_Vilinius_Sep07_
Ferraris_I-Log.pdf

. Parkhomenko, L. O., Kalashnikova, T. Yu., Prokhorov, V. M. (2021).

Pidvyshchennia interoperabelnosti zaliznychnoi transportnoi




systemy Ukrainy pry zdiisnenni intermodalnykh konteinernykh
perevezen na osnovi tekhnolohii MetroCargo™. Innovations and
prospects of world science — Proceedings of IV International Scien-
tific and Practical Conference. Vancouver, 312-317.

14. Prokopov, A., Prokhorov, V., Kalashnikova, T., Golovko, T,
Bohomazova, H. (2021). Constructing a model for the automated
operative planning of local operations at railroad technical stations.
Eastern-European Journal of Enterprise Technologies, 3 (3 (111)),
32-41. doi: https://doi.org/10.15587/1729-4061.2021.233673

15. Ben-Tal, A.,, Goryashko, A., Guslitzer, E., Nemirovski, A. (2004).
Adjustable robust solutions of uncertain
Mathematical Programming, 99 (2), 351-376. doi: https://
doi.org/10.1007/s10107-003-0454-y

16. Ben-Tal, A., Nemirovski, A., Roos, C. (2003). Extended Matrix Cube
Theorems with Applications to p-Theory in Control. Mathematics of
Operations Research, 28 (3), 497-523. doi: https://doi.org/10.1287/
moor.28.3.497.16392

17. Shor, N. Z. (1985). Minimization Methods for Non-Differentiable
Functions. Springer, 164. doi: https://doi.org/10.1007 /978-3-642-
82118-9

18. Yang, T, Kuo, Y., Cho, C. (2007). A genetic algorithms simulation

approach for the multi-attribute combinatorial dispatching decision

linear programs.

problem. European Journal of Operational Research, 176 (3),
1859-1873. doi: https://doi.org/10.1016/j.¢jor.2005.10.048

DOI: 10.15587,/1729-4061.2022.261091

PROJECT MANAGEMENT TECHNOLOGY IN
CREATING A BUSINESS PROCESS MANAGEMENT
INFORMATION SYSTEM AT THE PRESENT STAGE OF
DEVELOPMENT OF THE TELECOMMUNICATIONS
SECTOR OF KAZAKHSTAN (p. 17-28)

Aigerim Yerimbetova

Institute of Information and Computational Technologies,
Almaty, Republic of Kazakhstan

Satbayev University, Almaty, Republic of Kazakhstan
ORCID: https://orcid.org/0000-0002-2013-1513

Assem Ayapbergenova
Satbayev University, Almaty, Republic of Kazakhstan
ORCID: https://orcid.org/0000-0001-6388-9458

The results of the study and the development of an effective
business process management information system (IS) made it pos-
sible to conduct an analysis in the experimental conditions of an
information technology (IT) company using project management
tools in the field of information technology in the sphere of telecom-
munications.

A wide analysis of the mechanisms, models and systems for pro-
cessing distributed spatial information using information technolo-
gies has been carried out, and it has been determined that none of
the presented tools can fully satisfy the requirements for processing
heterogeneous data when creating information systems.

A model for processing and managing heterogeneous spatial
information based on data access technologies is constructed, a dia-
gram of information flows is presented, and a mechanism for effective
data management is described. The algorithm of the data processing
module is presented, which allows access to any sources of informa-
tion necessary for making a management decision. The methodol-
ogy for designing an information system has been improved using a

model for processing heterogeneous spatial information, taking into
account the requirements for a decision support system.

This is done so that in the digital age, people focus on the pro-
duction and trade of products and services through digitized data,
information and knowledge. This new infrastructure not only helps
people to do better and faster than in previous eras, but opens up
new ways of control, coordination, and cooperation in activities with
lower costs, regulated by the law of decreasing costs. That is, due to
the properties of digital goods, the cost of a unit of marginal or ad-
ditional output is gradually decreasing, while the number of all other
factors of production remains constant.

Keywords: information system, project management, business
process, information and communication technologies.
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The object of the study is the process of firing a single target with
fragmentation-beam projectiles.

The problem of determining the components of the structural-
automatic model is solved by creating a graph of states and transi-
tions. The purpose of the process is to form a formalized expression
of the object of study in the form of a structural-machine model of

the process of firing a mobile armored vehicle with a series of three
shots with fragmentation-beam projectiles of directional action. This
model can be further practically implemented during the develop-
ment of the latest samples of fire resistance in order to reduce errors
at the stage of system design. This approach reduces the cost of
design and production of prototypes by up to 25 %.

This paper considers the process involving interrelated elements of
the components of a system while accounting for all possible variants
of its behavior from the moment of detection to the failure of a single
target in armor protection to perform tasks as intended. The execution
of a fire task is considered as a set of certain procedures characterized
by the average value of their duration. The explosive destruction of
the hull of each fragmentation-beam projectile is characterized by the
self-propagation of the reaction of explosive transformations based on
tabular data on an armored combat vehicle. Appropriate procedures
(phases) of firing a single target in armor protection are advisable to
formalize to create preconditions for obtaining the value of a statistical
indicator of the effectiveness of causing damage to the target and to
study further alternative options for this process.

For the proposed structural-automatic model of the process of
firing a single target in armor protection with a series of fragmenta-
tion-beam projectiles of directional action, validation and verifica-
tion were carried out, which demonstrated the convergence of the
results that exceeded 60 %. The use of the structural-automatic
model’s components proposed in this work increases the probability
of performing a fire task for the first shot from 0.23 to 0.88, for the
second — from 0.35 to 0.95, for the third — from 0.45 to 0.98.

Keywords: structural-automatic model, single target shelling,
fragmentation-beam projectiles, vulnerable compartments, basic event.
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®OPMYBAHHS MOJEJI INTAHYBAHHS HIBUIKOT TOCTABKH KOHTEITHEPIB 3AJII3HUIIEIO B YMOBAX
IHTEPMOJAJbHUX ITEPEBE3EHb HA OCHOBI POBACTHOI OIITUMI3AIIIT (c. 6-16)

JI. O. Ilapxomenko, T. B. Bytsko, B. M. IIpoxopos, T. 0. Kanamuikosa, T. B. 'oioBko

JlocTiizKeHO MOSKJIMBICTD CTBOPEHHST TEXHOJIOTI] HIBU/IKOTO 3aJi3HIYHOTO CITOJYyUYeHHST /ISt TPAHCIIOPTYBAHHST KOHTEIHEPIB MiK TIOPTOM Ta
i ATPHEMCTBAMU-KITIEHTAMIT B XOJIi 3/IIHCHEHHST IHTEPMOIATBHIX TepeBe3eHb. MeToio po3pOOKM TEXHOOTIT € 3MEHIIEHHST YaCTKI BUKOPUCTAHHS
ABTOTPAHCIIOPTY HA IHTEPMOJAILHMUX MapLIpyTaxX Ta BUPIIIEHHS TAaKUM YMHOM IJI0I HU3KY MOB'SI3aHUX 3 HUM €KOJIOTIYHUX, TPAHCIOPTHUX,
MYHIIUTIATGHUX Ta eKOHOMIuHuX mpobiaem. ChopMoBaHa TeXHOJIOTIS 6a3y€ThCs Ha MPUHIMMIIAX MAKCUMAJIBHOTO HAOJMIKEHHs 3aJ3HUIN /10
KIHIEBUX IMYHKTIB MapuipyTy, MiHiMisalii KiIbKOCTI NPOMIKHNUX BHIIB TPAHCIOPTY Ta 3a0e3leUeHHs] MAKCUMAIBHOI IIBUAKOCTI IPOCYBAHHS
KOHTelHepiB 3aJTi3HAIeI0. 3 €10 METOIO 3alPOIIOHOBAHE 3aCTOCYBAHH BaHTAKHNUX TepMinaiiB MetroCargo™ ta momymbHuX 1m0i3ziB CargoSprint-
er. B xozi nocuizukenHst GyJia mocrasiieHa i BUpillleHa 3a/1aya Ha[liiHOTO OMePaTUBHOTO MIAHYBAHHS POOOTH MAPKY TAKKX MOI3/IB /st 3AiHCHEHHS
JIOCTABKU KOHTEHHEPIB MiK TIOPTOM 1 MAMPUEMCTBAME B YMOBaX «3a0py/IHCHUX» BUXIHUX JaHUX. 3 II€I0 METO 3a1a4a (hopMasizoBaHa y BUTIISIT
MojieJTi 3MIMIAHOTO TIPOTPaMyBAHHsL, 10 0a3Y€ThCST Ha MPUHIMMIAX pobacTHOi orrrnmisarti. st 3zificHenHst onnMisartii Mozerti i3 ypaxyBaHHIM
MPUHIMATIB POOACTHOCTI OyJIa 3aTPOMOHOBAHA TTPOTIEAYPA, SIKA BHKOPICTOBYE IBOKOHTYPHMUIT TEHETUYHII a/ITOPUTM. B pesyssraTi MoziesioBaHHsI
GyJ10 BCTAHOBJIEHO, 1110 OTPUMAHMIA T1aH Jiuiie Ha 6,5 % TOCTyMAEThCs 3 [IJIbOBIM KPUTEPIEM TUIaHy, sIKUil 6yJI0 0TpUMaHO 6e3 ypaxyBaHHs PO-
GactHocTi. Bysio goBeseHo, 1mo po3pobJieHa MOZIE/Tb I03BOJISIE OTPUMYBATHU OIlEPATUBHUII IJIaH JI0OCTAaBKU KOHTEIHEPIB 3a/Ii3HULIEI0, SIKU € 6JIN3D-
KUM JI0 ONITUMAJTLHOTO. B Toii jKe yac, IiaH € peai30BaHNM HABITh y BUTIAKY HAHOLIBII HECTIPUATIMBOTO 30iry OOCTABUH y BUTJIS/I 3aTPUMOK,
3CYBY YaCOBHX BIKOH POOOTH BaHTAKHIX (DPOHTIB TOIIO, TOOTO B PEATHHIX YMOBAX TPAHCIIOPTHOTO TIPOIIECY.

Kmo4oBsi ciioBa: inTepMoaibii KOHTEHEPHI IepeBe3eH s, MOy IbHI KOHTEHEepH] 110i3/(11, pobacTHa ONTUMI3allist, ABOKOHTYPHUH TeHeTHY-

HUIl QJITOPUTM.
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TEXHOJIOTISI VIIPABJIIHHS [IPOEKTAMMU ITPY CTBOPEHHI IH®OPMAIIITHOT CHCTEMHY YIIPABJITHHS
BI3HEC-IIPOIIECAMH HA CYYACHOMY ETAIII PO3BUTKY TEJEKOMYHIKAIIIITHOTO CEKTOPA KABAXCTAHY
(c. 17-28)

Assem Ayapbergenova, Aigerim Yerimbetova

PesyJisrati octiKenHst Ta po3pobka edexrusrol indopmartiitnoi cucremu (IC) yrpassiHHs Gi3HEC-TIPOIIECaMy TO3BOJMIIN IPOBECTH AHATI3
B KCIIEPUMEHTAIIBHIIX YMOBAX KOMIIaHii, 110 crieriamisyerbest Ha indopmartiiirmx Texnosorisx (I1T) 3a gomomMoroio 3aco6iB yrpassiHHs TIPOEKTaMu
B o6yacTi iHdopMariiinix TexHosoriii y chepi resekoMyHiKaltiii.

[TpoBeeHo MUPOKKii aHasIi3 MexaHi3MiB, Mojie/Ieii i crcTeM 06pOGKI PO3IOIIIEHOT IPOCTOPOBOI iH(hOpMAIIii 3 BUKOpUCTAHHM iH(pOpMAaIiiHIX
TEXHOJIOTH, 1 BCTAHOBJICHO, 0 JKOZICH 3 MPE/ICTABJICHNX IHCTPYMEHTIB HE MOKE MOBHOK MIipPOIO 3aI0BOJIBHUTH BUMOTH /10 0OPOOKHU PiSHOPIIHMX
JTAHUX TIPY CTBOPEHHI iH(GOPMAIiITHIX CHCTEM.

[TobymoBata Mozie/ib 00pOOKH Ta YIIPaBJIiHHs PI3HOPIAHOIO IIPOCTOPOBOIO iH(OPMAIIIEI0 Ha OCHOBI TEXHOJIOTIi I0CTYITY /10 IAHKX, TIPE/ICTaBIIeHA
cxeMa iH(poOpMaLiiiHUX MOTOKIB 1 orucanuii MexaHisM e(eKTHUBHOrO yrpas/iHisa ganuMu. [Ipeacrasienuii airoput™ podoTH MOAYJist 0OpoOKU
JIAHVX, 1110 JI03BOJISIE OTPUMATH JOCTYII 10 Oy/Ib-sIKUX JKepes iHdopMaltii, HeoOXiHOT st MPUIHATTS YIIPABIIHCHKOTO PIllleHHSI. YIOCKOHAIEHO
METOJIMKY TIPOEKTYBAHHsI iH(OPMAITIHHOI CHCTEMH 3 BUKOPUCTAHHIM MOjiesii 0OPOOKH PI3HOPIIHOT TIPOCTOPOBOI iH(hOpMAILii 3 ypaxyBaHHSIM BUMOT
10 CUCTEMU TTPUMKHU TPUNHATTS PillleHb.

LIe poGuTbest st TOTO, 106 B €M0Xy MIMPOBUX TEXHOJIOTII JIFO/I 30CEPEIIIINCA HA BUPOOHUIITBI Ta TOPTIBII MPOAYKTAMU Ta TIOCTYTaMU 32
JioroMoroio onudpoBaHnX JaHnx, iHdopmartii Ta 3Hanb. HoBa iHdpacTpyKTypa He TIBKH I0MIOMAra€ JIO/SAM HiJBUIUTH epEeKTUBHICTD iXHBOI
po6OTH B TIOPIBHSIHHI 3 TIOTIEPEHIMI €TIOXaMH, ajie i BIZIKPUBAE HOBI CIOCOOM YIIPaBJIiHHsI, KOOPAMHAIL Ta CIIBIPaIl B 00JIaCTI HUBbKOBUTPATHOL
JHSTHOCTI BI/ITOBIHO /10 3aKOHY 3HMZKEHHS BUTpaT. ToOTO, B CHITy BJIacTHBOCTEl 1IM(MPOBKIX TOBAPIB, BAPTICTH OAMHMIL TPAHIYHOT a00 0AATKOBOI
NPOJYKILT MOCTYIOBO 3HUKYETLCS, IPH 1IbOMY KLIBKICTh BCIX iHIINX (hakTOPiB BUPOOHUIITBA 3a/IMIIAETHCA OCTIHHOIO.

KmouoBi croBa: iHdopMmariiiHa cucreMa, ypasiiHHS IPOEKTaMy, Oi3Hec-1poriec, iHpopMariiHO-KOMyHIKaIliiH] TeXHOJIOT L.
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BU3HAYEHHSA KOMIIOHEHT CTPYKTYPHO-ABTOMATHO{ MOJIEJII OBCTPLTY OJIMHOYHOI IIJIT ¥
BPOHBOBOMY 3AXHCTI OCKOJIKOBO-IIYYKOBUMU CHAPSIJIAMU HATIPABJIEHOI /IIi B CEPIi 3 TPbOX
IMIOCTPLJIIB HA OCHOBI OITOPHOTO TPA®A CTAHIB (c. 29-41)

B. B. fIkosenxko, H. I. ®ypmanosa, I. M. @uuc, 0. B. lllasincekuii, O. 0. @apadonos, O. 0. Mamuii, C. C. Camoimk
OG6’€KTOM JIOCTIIKEHHST BUCTYIAE MPOTIEC 0OCTPILTY OAMHOYHOI IiJTi OCKOJKOBO-TIYYKOBUMHE CHAPSTAMU.

Bupiuryerbest ipobsieMa BUSHAYEHHsST KOMIIOHEHT CTPYKTYPHO-aBTOMATHOT MOJIEII IIJISIXOM CTBOPEHH rpaca cTaHis i mepexoais. Mertoio
npottecy € GopMmyBatHst GOpMai30BAaHOTO BUPaKEHHsI 00'€KTA MOCIIKEHHS Y BUIJISII CTPYKTYPHO-aBTOMATHOI MOJIE [IPOTecy o6eTpiay




PYXOMOi GPOHBOBAHOT MAIIMHU CEPIEI0 3 TPHOX MOCTPLIIB OCKOJIKOBO-IYYKOBUME CHApsAaMu HarpasJenoi aii. lana Mojesnb Moxe OyTH B
HO/IAJIBIIOMY TIPAKTUYHO PEATi30BaHa I/l Yac PO3POOKU HOBITHIX 3pa3KiB 3ac006iB BOTHEBOTO BIIMBY 3 METOIO 3MEHIICHHS BHECEHHST TOMILJIOK
Ha eTari CHCTEMOTEXHIYHOTO MPOEKTYBAHHS. Takuil MiAXix Z03BOJSIE CKOPOTUTH BUTPATH Ha TIPOEKTYBAHHS Ta BUPOOHUIITBO TOCTIAHUX
3paskis 10 25 %.

TIpencraBieHo mpollec B3a€MOIOB'SI3aHUX MK COOOI0 €JIEMEHTIB CKJIAIOBUX CHCTEMHU 3 MOETAITHUM BPAaXyBaHHAM YCiX MOJKJIUBUX
BapiaHTiB HOTO MOBEAIHKM BiJl MOMEHTY BUSIBJICHHS 10 BIIMOBHM OJMHOYHOI IiJgi y OPOHBOBOMY 3aXMCTi BUKOHYBATH 3aBJaHHs 3a
MpU3HAYCHHSIM. BUKOHAHHS BOTHEBOTO 3aBIaHHsT PO3IJISIIAETHCS SIK HAOIP TIEBHUX MPOIEYP, 10 XapaKTePU3yIOThCS CEPEAHIM 3HAYCHHSIM
ii TpuBamocti. BuGyxoBe pyilHYBaHHS KOPMYCYy KOXKHOTO OCKOJKOBO-TYYKOBOTO CHAPSIAY XapaKTEPU3YETHCS CaMOPO3MOBCIOKEHHIM
peaxitii BUOYXOBHX TIE€PETBOPEHb HA OCHOBI TabJIMYHKX AaHUX 1PO GoioBy GpoHboBaHy MaluHy. Biamosiani npouexypu (dasu) oberpisy
OJIMHOYHOT 111/l y GPOHBOBOMY 3aXUCTI TOMIIBHO (hOPMAIZyBATH IS CTBOPEHHS TIEPELYMOB OTPUMAHHS 3HAUEHHSI CTATUCTUYHOTO MOKA3HUKA
e(heKTUBHOCTI HAHECEHHST 30UTKIB T1iJTi TA TOCII/IKEHHS TTOATBIITIX AJIBTEPHATHBHIIX BapiaHTiB IIbOTO TIPOIIECY.

Jljist 3anpONOHOBAHOT CTPYKTYPHO-aBTOMATHOT MOJIEN Mpoliecy 0OCTPiIy OAMHOYHOI 1iji Y OPOHBOBOMY 3aXHCTi CEpPi€i0 OCKOIKOBO-
[IYYKOBKMX CHAPS/B HApaBJeHOl [ii GyJo TPOBeNeHO Baifaliio Ta Bepudikailio, Mo MPOIEMOHCTPYBAIN 36ir OTPUMAHUX PE3YJIBTATiB
6inbie 60 %. BUKOpUCTaHHS 3alPONOHOBAHUX Yy POOOTI KOMIIOHEHT CTPYKTYPHO-aBTOMATHOI MOJIeJ MiBUILYE WMOBIPHICTh BUKOHAHHS
BOTHEBOTO 3aBJIaHHs 1151 Tiepinoro noctpiay 3 0,23 o 0,88, ais apyroro — 3 0,35 no 0,95, ast Tperboro — 3 0,45 1o 0,98.

Ki040Bi ci0Ba: CTpyKTypHO-aBTOMATHA MOJIEN b, OOCTPIJI OAMHOYHOI 11111, 0CKOJKOBO-TIYYKOBI CHAPSIAN YPas3JInBi Bi/ICiKH, 6a30Ba MOJLisl.
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